A variety of cytoklnes Induce the tyroslne phosphorylation of signal transducers and activators of transcription (STATs). Activation of the same STAT proteins by distinct cytokines and activation of different STAT proteins by each cytokine are thought to contribute to redundancy and plelotropy of cytokine actions respectively. STAT3 is rapidly tyrosine phosphorylated in response to IL-6, ciliary neurotrophlc factor, oncostatln M, leukemia Inhibitory factor, IL-11, granulocyte colony stimulation factor and epidermal growth factor. In this report we have Isolated and characterized the mouse genomic structure of STAT3. The mouse STAT3 gene consisted of 24 exons which spanned >37 kb. The structure of the mouse STAT3 gene was almost Identical to that of the human STAT2 gene, Including the number and size of exons, indicating that the exon-intron organization had already been accomplished before these two genes duplicated, and then these genes evolved to respond to different llgands. By molecular linkage analysis with interspecific backcross mice the STAT3 gene mapped at 1.4 cM proximal to D11MH59 on mouse chromosome 11. The promoter region contained potential regulatory elements such as GATA, NF-IL-6, PEBP2, Sp-1, AP-2 binding sites, cAMP response element, CAAT box and E-box. Transient expression of constructs harboring the 5' flanking region of the STAT3 gene fused to the luciferase gene showed that a 160 bp sequence upstream of the transcription start site conferred a basal and an IL-6-induclble promoter activity.
Introduction
STAT proteins (signal transducers and activators of transcription) are latent transcription factors that contain src homology 2 (SH2), SH3-like domains and a C-terminal tyrosine phosphorylation site (1) . These proteins become activated by phosphorylation on a specific tyrosine residue in response to a variety of cytokines and growth factors (2, 3) . The tyrosine phosphorylation of cytoplasmic STATs is mediated by the Janus protein kinase (JAK) family, which currently consists of JAK1, JAK2, JAK3 and Tyk2. In the case of IL-6 and ciliary neurotrophic factor (CNTF) which share signal transducing receptor component gp130, JAK1, JAK2 and Tyk2 can be activated, although the selection of the kinases varies depending on the cell line. In the absence of JAK1, the phosphorylation of gp130 and the activation of STAT3 were greatly reduced, suggesting that JAK1 is essential for the gp130-mediated signaling pathway (4 Exon No. Unstimulated STAT proteins are present in monomeric forms. When cells are stimulated with ligands, STATs associate with phosphorylated tyrosine residues of an activated receptor complex through the SH2 domain of STATs and become phosphorylated on the tyrosine residues by JAK kinases. The phosphorylated STATs then form homoor heterodimers, and rapidly translocate to the nucleus, where they bind specific DNA sequences and regulate the transcription of the target genes (5). At present, six different members of STATs (STAT1 to STAT6) have been cloned and are involved in specific cytokine regulation (6) (7) (8) (9) (10) (11) (12) . Fig. 3 . Determination of the transcription initiation site by primer extension. A ^P-labeled 35-mer oligonucleotide was annealed with 20 |ig of total RNA from mouse liver and extended using AMV reverse transcriptase (lane 1). The nucleotide sequencing ladder extended with the same primer is for calculation of the size of the extension product The specific extension product for STAT3 mRNA is indicated by an arrow
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In response to IFN-a/p, STAT1 and STAT2 are tyrosine phosphorylated, whereas STAT1 is tyrosine phosphorylated in response to IFN-y (13, 14) . STAT3 is predominantly phosphorylated in IL-6, leukemia inhibitory factor (LIF), CNTF, oncostatin M and IL-11 that share gp130 (15) . In addition, granulocyte colony stimulating factor (G-CSF) (16) , which utilizes a receptor highly related to gp130, also induces phosphorylation of STAT3. STAT4 and STAT6 are phosphorylated by IL-12 and IL-4 respectively. STAT5 is phosphorylated by a variety of cytokines including prolactin, IL-2, IL-3, IL-5 and granulocyte macrophage colony stimulating factor.
Recently it has been shown that selectivity of STAT activation is determined by a specific docking interaction between STATs and the phosphorylated tyrosine-containing sequences in the signal-transducing receptor components. STAT1 docks to the sequence YDKPH in the IFN-y receptor, while STAT3 docks to a consensus sequence YxxQ in the gp130 and LIF receptor cytoplasmic domains (17, 18) . In addition to the obligatory requirement of tyrosine phosphorylation for dimenzation and DNA binding, phosphorylation of a C-terminal serine residue is required for maximal transcriptional activation of STATs (19) .
The complete genomic structure of human STAT2 and partial genomic structure of human STAT1 have been demonstrated (20) . Here we report the complete mouse genomic organization of STAT3 and chromosomal location as well as the analysis of the promoter region of STAT3.
Methods

Genomic library screening
A mouse genomic DNA library derived from 129Sv liver in XFIX II (Stratagene, La Jolla, CA) was screened with the ^P-labeled mouse STAT3 cDNA probe. Four different parts of STAT3 cDNA (5'-untranslated region, 5'-untranslated region, and amino acids 1-28, 280-440 and 626-770) were used for probe. Filters blotted with recombinant phage DNA were incubated in hybridization buffer (2.5xDenharts, 1% SDS, 10 mM EDTA, pH 8.0, 100 |ig/ml of salmon sperm DNA, 6xSSC) with the labeled probe for 16 h at 65°C and then washed with 0.1XSSC/0.1% SDS, and autoradiographed.
Subcloning and sequencing
To identify genomic fragments containing exons, bacteriophage DNA purified from each clone was digested by several restriction enzymes, separated by electrophoresis on 0.6% agarose gels and blotted on GeneScreen Plus (NEN Research Products, Boston, MA). The blot was hybridized with 32 Plabeled STAT3 cDNA. Appropriate restriction fragments were subcloned into the plasmid vector, pBluescript KS + (Stratagene, La Jolla, CA). Sequencing was performed by using the Sequenase \fersion 2.0 DNA System (Amersham, Arlington Heights, IL) or The ABI 373A automated DNA sequencer (Foster City, CA) according to the manufacturer's instructions.
Primer extension analysis
The transcription initiation site was determined by a primer extension system (Promega, Madison, Wl). The primer used for the reaction was a 35-mer oligonucleotide (5'-GGAA-CCCCAGGTTCCCCCTCCCTGTCTACACTGCA-3') complementary to the sequence in exon 1 of the mouse STAT3 gene, and was radiolabeled at the 5' end with T4 polynucleotide kinase and [y-32 P]PJP (3000 Ci/mmol). The labeled primer was added to 25 (xg of total RNA isolated from HepG2 cells or mouse liver in the presence of 50 mM Tris-HCI, pH 8.3, 50 mM KCI, 10 mM MgCI 2 , 10 mM dithiothreitol and 0.5 mM spermidine. The reaction mixtures were incubated at 60°C for 30 min and annealed at 30°C for 2 h. Avian myeloblastosis virus reverse transcriptase (1 U) was added and primer extension was performed at 42°C for 105 min. The products were electrophoresed on a 6% polyacrylamide gel containing 7 M urea and the length of the primer-extended product was determined by comparison with a dideoxynucleotide sequencing of the promoter region performed with an oligonucleotide complementary to exon 1. (Fig. 6b) (22, 23) .
OB
Discussion
We have isolated and characterized the mouse STAT3 gene as well as the chromosomal localization. The mouse STAT3 gene consisted of 24 exons which spanned >37 kb long. The STAT3 gene mapped on mouse chromosome 11. When compared between the human STAT2 and mouse STAT3 genes, the exon-intron junction and the length of exons were almost identical, inspite of 38% amino acid homology between these proteins. As conserved exonic organization of STAT1 and STAT2 genes suggested (20) , this result may indicate that the exon-intron organization had already been accomplished before these two genes duplicated, and then these genes evolved to respond to different ligands. During preparation of this manuscript, Copeland etal. (24) showed that the mouse STAT3 gene mapped to the distal region of chromosome 11 as demonstrated in our paper.
The C-terminal domain of the STATs is highly divergent. Within the carboxy region a potential mitogen-activated protein kinase site is found and phosphorylation of this site has been shown to be involved in the transcriptional activation. In the case of STAT1, a splice variant (STAT1P) lacks the C-terminal 38 ammo acids including the MAPK site (25) . This variant can be phosphorylated, translocate to the nucleus and bind to DNA, but cannot activate gene transcription. Similar variants have been identified for STAT2, STAT3 and STAT5 (26) (27) (28) . In the case of STAT3, a variant named STAT3P lacks the Cterminal 55 amino acids which are replaced by seven other amino acids. Our present exon-intron boundary analysis show that this variant is an alternative splicing form in which exon 22 and an as yet unidentified exon are combined.
Although the nucleotide sequence around the transcription initiation site does not contain a TATA box-like sequence, the 5'-flanking region of the mouse STAT3 gene contained several potential as-acting regulatory sequences such as binding sites for GATA, CRE, NF-IL-6, E-box, PEBP2, Sp-1, Pit-1 and AP-2. We previously observed that STAT3 gene expression was augmented in hepatocytes in response to IL-6. We demonstrated in this study that the 160 bp region from +38 to -165 conferred the IL-6 responsive promoter activity in a hepatoma cell line. At present two IL-6 responsive elements, a C/EBP binding site and a STAT3 binding site, are identified from the analysis of acute phase protein gene regulation (29) . However, within the 160 bp region we could not find these binding motifs. This may indicate that other transcription factors are involved in the regulation of the IL-6-mediated STAT3 induction. Since STAT3 is expressed in embryonic stem cells which do not contain many transcription factors, it is also interesting to examine if there are any differences in the transcription factors involved in STAT3 expression in embryonic stem cells and in hepatocytes. Further studies are needed to elucidate the mechanism of STAT3 gene expression.
In conclusion, we succeeded in the isolation and characterization of the mouse STAT3 gene. Information of the exact exon-intron boundary of STAT3 obtained in this study will be helpful for screening novel splicing isoforms of STAT3 messenger in certain physiological and pathological conditions.
